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SYLLABUS

The Division Engineer finds that anchorage faclilities at
Plymouth Harbor are inadequate for the fishing and recreational
fleets,both present and prospective. He finds also that benefits
to be obtained by provision of sheltered anchorage for these fleets
ara sufficlent to warrant Federal participation in improvement. He
recommends, therefore, that the existing project be modifled. He
considers the proper modification should consist of (a) constructing
8 stone breakwater extending from a point north of the Town Wharf
1,400 feet in an easterly direction, then turning southeasterly 2,100
feet for a total distance of 3,500 feet, and {b) dredging a 60-acre
anchorage basin 8 feet deep south of the breakwater. The estimated
first cost of construction {July 1961) is $1,500,000 for the break-
water and anchorage basin, and $1,000 for additional aids to
navigation.

The project is recommended subject to the requirement thet local
interests contribute 20 percent of the construction cost, presently
estimated at $300,000. The net cost to the United States is $1,200,000
for construction, $10,000 for pre-authorization studies, and $1,000 for
additional navigstion aids, with $10,000 additional annual maintenance
for the project modification and $120 additional ennual maintenance for
the navigstion aids. The benefit-cost ratio is 1.8.
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U.S. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM 54, MASS.

NEDGW 3 August 1961
SUBJECT: Survey (Review of Reports) Plymouth Haibor, Massachusetts

TO: Chief of Engineers, Department of the Army, Washington 25, D. C,
ATTN: ENGCW-P

AUTHORITY

1. This report is submitted in compliance with the following
resolution adopted April 20, 1948, by the committee on Public Works
of the United States Senate:

"RESOLVED BY THE COMMITTEE ON PUBLIC
WORKS OF THE UNITED STATES SENATE, That the
Board of Engineers for Rivers and Harbors,
created under Section 3 of the River and Harbor
Act, approved June 13, 1902, be, and is hereby,
requested to review the reports on Plymouth
Harbor, Massachusetts, submitted to Congress on
Aprili6, 1938, and printed as House Document
Numbered 577, Seventy-fifth Congress, with a
view to determining if any modification of the
existing project is advisable at this time."

2. A report of preliminary examination scope was submitted by
the Division Engineer, New England on 24 February 1950. The Board of
Engineers for Rivers and Harbors reviewed the examination and recommended
further study of the need for protected anchorage in Plymouth Harbor,

' PURPOSE AND EXTENT OF STUDY

3. Engineering and economic studies have been made to determine
the need and economic. justification of modifying the existing Federal
navigation project in Plymouth Harbor. A detailed hydrographic survey,
was made to determine the character and volume of materials to be
dredged Estimates of various types of breakwaters were also made.
Available maps, past records, commercial statisties and other data
pertdining to the harbor have been studied. Two public hearings were
held, The first, held May 12, 1949, was the basis for the Prellminary
Examination. The second, held January 16, 1958, represents the views
now held by local interests. The information obtained from these
hearings has been furtheér supplemented by recent field investigations
and discussions with local interests. Changes or additions, requested
subsequent to the hearings have been considered in this report,



DESCRIPTION OF NAVIGATION CONDITIONS

4., Plymouth Harbor is located on the east coast of Massachusetts,
It is abcut 45 miles south of Boston Harbor and about 15 miles north
of the easterly entrance of the Cape Cod Canal., It is the most
southerly of three arms of a large and partially sheltered embayment
which is separated from Plymouth and Cape Cod Bays by narrow sand
spits. The northerly arm is known as Duxbury Bay, and the westerly
arm, Kingston Bay. An outer anchorage, the "Cow Yard", is common
to all three arms, The harbor is formed by Long Beach, z low narrow
sand spit 1.8 miles long, generally parallel to the mainland, and
about a mile from it. The harbor has an area of about 2,000 acres.
A large part of it consists of mud flats bare at low tide, The
entrance to the harbor lies at the northerly end of Long Beach,
From the entrance, a channel 18 feet deep leads across extensive
flats to a turning basin opposite the State Pier, The channel then
continues, at a depth of 15 feet, to a second turning basin opposite
the town Wharf, '

5. The mean range of tide is 9.6 feet and the spring range is
11,1 feet. The locality is shown on United States Coast And Geodetic
Chart Nos., 245 and 1208, and on the maps accompanying this report,

TRIBUTARY AREA

6. The Town of Plymouth enjoys the distinction of being the
oldest continuous settlement of English speaking people in the:
United States, It has been a permanent community since 1620, the
date of the original Pilgrim landing. As such it has become a national
shrine with many thousands visiting its shores annually. These visitors
come, not only by land, but also by sea, as the harbor is a favorite
stopping place for the many yachts that cruise New England waters
during the summer recreational season,

7. The town itself is a medium size community, having a pop-
ulation of 13,982 and a real estate valuation of $34,443,950 in 1956,
It is the natural trading center for about 40,000 people in surrounding
communities. Manufacturing, once the largest source of income, has
declined in recent years., The Plymouth Cordage Company located in
North Plymouth is the largest rope making concern in the world,

8. Fishing is one of the basic industries., It has shown an
upward trend in recent years, incredsing in volume to a point where
existing facilities are considered inadequate, The industry is an
important source of income, employing about 300 to 500 people.
Plymouth is ideally located for this indusiry, situated as it is
near prolific fishing grounds both in Cape Cod Bay and off Cape Cod,

9. The summer vacation trade, another major source of local
revenue, is important due to Plymouth's national prominence as an
historical site. Its natural assets relative to harbor facilities,
and its miles of coastline, numerous ponds and extensive woods also
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contribute to its recreational value. About 2,000 families are summer
residents and about 60,000 tourists visit the locality each year,

10, The locality is well served by excellent highways, bus lines,
and by a freight line of the New York, New Haven and Hartford Railroad.

BRIDGES AFFECTING NAVIGATION

11. There are no bridges in the area considered in this report.
PRIOR REPORTS
12, Plymouth Harbor has been the subject of several previous
reports. Pertinent data with reference to recent reports are contained

in the following tabulation: :

Scope and Date of Report Work Considered Recommendation

Annual Report of Chief of Beach protection Favorable
Engineers for 1899, page 1089 along Long Beach

House Document No. 1194, Channel 18 feet Favorable
62nd Congress, 3rd Session, deep at mean low
1912 water, and 200

feet wide, from
harbor entrance
to the town wharves

House Document No. 996, A channel northwest Favorable
66th Congress, 3rd Session, from Craig's northerly

1921 wharf (now State Pier),
. 15 feet deep at mean low
water, 150 feet wide, and
900 feet long, with a
turning basin 300 feet
square at the end

Unpublished Report, Constructing a break- Unfavorable

dated January 4, 1936 water at Mznomet
House Document No. 577, Dredging 18-foot Faverable
75th Congress, 3rd Session, anchorage basin
1938
L
Unpublished Report 15-foot straight Unfavorable to
dated February 24, 1950 channel and anchorage channel., Favorable

to further study
of anchorage.



EXISTING CORPS OF ENGINEERS' PROJECT

13. Prior to the adoption of the existing project, temporary
structures were erected for the protection of Long Beach, Dredging
the harbor to a depth of 9 feet was also effected. This work was
accomplished at intervals during the period from 1824 to 1898,
inclusive. The total Federal expenditures under these previous
projects amounted to $190,659.80, of which $188,646.59 was for new
work and $2,013.21 for maintenance,

14. The existing project was authorized by the following River
and Harbor Acts:

Acts Work Authorized Documents
March 3, 1899 Beach protection along Long Annual Report for
Beach 1899, page 1089
March 4, 1913 Dredging 18-foot channel House Document
No. 1194, 62nd Gongress,
Ird Session
June 20, 1938 Dredging 18-foot anchorage House Document
basin No. 577, 75th Congress,

3rd Session

15. The existing project provides for: (a) protecting by riprap
the sections of Long Beach damaged by the storm of November 1898, and
restoring Eel River to its former course; (b) dredging a channel 18
feet deep and 200 feet wide, increased at the entrance and at bends,
from deep water to the town wharves, fiow the site of the State Pien),

a distance of about 2,5 miles, with a suitable turning basin at the
inner end; (c) drsdging a channel 150 feet wide, 15 feet deep, extending
in a northwesterly direction about 0.3 mile from the present State

Piér, with a turning basin 300 feet square, and of the same depth, at
its northwesterly end; (d) maintenance of the area, in the viecinity

of the State Pier, between the 15-foot chanrel and the 1B-foot channel
which was initially dredged by the Commonwealth of Massachusetts to

a depth of 18 feet below mean low water as an item of local cooperation
for the 15-foot channel; and (e) dredging an anchorage basin 18

feet deep, 850 feet wide, and 2,125 feet in average length on the
southeast side of the 1B-foot channel near Long Beach, Maintenance
dredging was last accomplished in Fiscal Year 1954, The 18-foot channel
wag dredged to a l5-fool depth, that depth being considered ample for
the existing boating in the harbor., The l1l5-foot channel was alsoc main-
tained to that depth. Controlling depths in 1959 were 12 feet for

a smell area in the entrance channel and 12 feet in the l5-foot channel.
Depths in the authorized 18-foot anchorage range from 4 feet above

to 18 feet below mean low water,



16. The total cost of new work on the exlstlng project
through fiscal year 1960 was $188,571 and $505,560 for maintenance,
In addition, $108,400 has been expended from contributed funds,

The project is complete except for the 18-foot anchorage. The
estimated cost of completing the anchorage is $606,000 (1954).
Local interests no longer desire this anchorage in its authorized
location. They feel that the heed for this anchorage no longer
exists due to changed coastwise shipping conditions.

LOCAL COOPERATION ON EXISTING AND PRIOR PROJECTS

17. The River and Harbor Act of March 4, 1913, required that
the Commonwealth of Massachusetts, or other local agency, contribute
one-half the estimated cost of the 18-foot channel, This condition
was accepted by the Commonwealth of Massachusetts on June 16, 1913
when an appropriation of $83,500 was made. This amount was deposited
to the credit of the Secretary of War on August 25, 1913. The cost
of the completed work being less than the estimated cost by $53,000,
one-half of the saving, or $26,500 was returned to the Commonwealth
of Massachusetts on March 10, 1916 under provisions of the enabling
Act.

18. The authorization by the River and Harbor Act of 1922, for
the 15-foot channel extension at Plymouth required that the Common.
wealth of Massachusetts or other local ihterests contribute one-half
 the total estimated cost of $102,000, construct a wharf and accessories
contingent on plans meeting the approval of the Secretary of War
and the Chief of Engineers, and dredge an area connecting the existing
18-foot channel with the projected 15-foot channel, The Commonwealth
of Massachusetts contributed its share of $51,000, and a wharf with
required accessories was constructed by the town of Flymouth, The
ared connectlng the ex1st1ng 18-foot channel with the 15-foot channel
has been dredged.

19. The River and Harbor Act of June 20, 1938, provided for
an anchorage basin 18 feet deep on the southeast side of the project
channel near Long Bedch, contingent on local interests furnishing,
free of cost to the United States, spoil disposal areas for the work
and for subsequent maintenance as may be required, and contribute
one-third the first cost of construction of the improvement, These
conditions have not been fulfilled.

QTHER IMPROVEMENTS

20. The town of Plymouth, in 1909, at a cost of $12,000,
restored and deepened to 10 feet the 6-foot channel and a portion of
the basin completed by the Federal Government under a previous
project of 1875.



2l. In 1946, the town spent $10,000 for dredging at the Town
- Wharf, In 1948, the Plymouth Yacht Club basin was dredged at a cost
of $30,000. The town and state shared jointly in these costs.

22, In addition to the above, the state and town have spent
approximately $120,000 on channels and bagins, and approximately
$180,000 on thé improvement and maintenance of the State Pier and
adjacent water=front.

23. In 1911, the Commonwealth of Massachusetts and the town of
PlyMOuth, dredged a channel to the wharf of the Plymouth Cordage
Company at the northerly end of the harbor. This channel has a width
of 250 feet and depth of 20 feet for about 1100 feet, then a width
of 150.feet and a depth of 18 feet for about 5000 feet, The total
coast of this work was $143,744.11. This channel is in the same area
as the 6=foot Federal channel adopted in 1892 for Kingston Harbor,
also known as North Plymouth Harbor. The channel is not physically
connected w1th other dredged channels in Plymouth Harbor.

" 24, In addltlon to the above expendltures for channel and
basin improvements, large sums of money have been expended in devel-
oping the immediate shore line as an historical park around Plymouth
Rock, The development was accomplished jointly by the United States
Pilgrim Tercentenary Commission, c¢reated by & Congressional
Resolution spproved May 13, 1920, and the Pilgrim Tercentenary
Commission of the Commonwealth of Massachusetts. This development
ineluded the removal, in 1920, of the nine wharves over which the
town's commerce and flshlng industry were cédrried. A new pler was
erected at the site of Craig's northerly wharf under the direction
of. these coMmlsslons at an estimated cost of $30,000, The Common-
wealth has sirce acquired this pier and maintains it s as a public
landing, ‘open to all on equal terms,

- 25, TFurther expenditures for dredging were made by the
Commonwealth of Massdchusetts in 1957, when it dredged a 500 x 600
x lsnfoot deep basin southeast of the State Pier. Total cost of this
work was approximately $280 000. The first use of this basin was
made by the "Mayflower II" on its initial visit to the same harbor
1n ‘which the orlginal Pilgrim landing was made,

TERMINAL AND TRANSFER FACILITIES

26.'“Thefé are three wharveé iﬁ Plymouth Harbor. One is owned
by the state, one by the town, and the third by the Plymouth Yacht
Club, ‘

27. The Town Wharf is located about opposite the end of the
existing dredged channel. It is formed by two sheet-steel pile
bulkheads, perpendicular to each other and backfilled to connect with



the shore., Each of these bulkheads h&s auxiliary wharfage, The
first, which is generally perpendicular to the shoreline, has a

250 x 70-foot concrete decked pile and timber structure projecting
from it. Berths along this structure have a 1l4=foot depth., The
second has a T-shaped pier projecting obliquely from it. The head
of the pier is about 80 feet long, Berthing depths range from 7 to
10 feet. There are four electiric hoists located along the wharf,
Two fish distributors and a marine service company are located on
this‘facillty. Its chlef'use'ls'commercial. Water and fuel are
available. "It is open to public use. ' '

28, The State Pier is located about 1300 feet southeasterly
from the Town Wharf, It is an L-.shaped pile and timber structure,
having legs of about 270 feet and 140 feet. The principal berths
are at' the outer end and have depths of 14 feet. A’'ramp and float
for small boat landings is located at the inner end of the southerly
side. This wharf is also open to public use,

29, The Plymouth Yacht Club maintains a wharf located about
2,000 feet southeasterly of the State Pier. This wharf has a total
length of about 155 feet, the inner 100 feet consisting of solid
f£ill and the outer portlon 55 feet of pile and timber constryction.
The depth of water at the outer end is 7 feet, Water and fuel are
available at this wharf, ' '

30. In addition to these wharves, there are 6 boatyards located
along the waterfront., The yards are equlpped for boat building and
repairs, with a total storage capacity of about 200 boats, Marine
railways at these yards can handle boats ranging from 50 to 100 feet
in length, Small wharves, used in conjunction with boat repair and
construction, are located at these facilities.

IMPROVEMENT DESIRED

31. On the basis of a public hearing held at Plymouth on
May 12, 1949, a preliminary examination of Plymouth Harbor nav1gatlonal
“improvement was made. Two items of improvement were requested by local
interests, One of these items entailed construction of a curved stone
breakwater about 1,000 feet east of the town warf and dredging the
area betiween it and the channel tp a depth of 18 feet. The basin was
requested to provide protected anchorage for the existing and
prospective recrsational and fishing fleets, The second item consisted
of dredging a straight channel from the northwest corner of the
proposed anchorage across the mud flats to the entrance at Long Point.

32. The Preliminary Examination, submitted on February 24, 1950,
recommended further study of the protected anchorage, and found that
provision of the desired channel was not justifiable at that time,



Further study of the protected anchorage was assigned_bylﬁhe"Chiéf
of BEngineers by letter dated July 3, 1950. The study was deferred
until fiscal year 1958 when funds were authorized for its continuance.

33. As the time interval between the submission of the Preliminary
Examination and resumption of the study could have produced changed
conditions and modifications in the desires of local interests, it
was decided to hold a second public hearing. The hearing was held
at Plymouth on January 16, 1958. Attendance was excellent and-
included representatives from local and state Governments, fishing
interests, yachting interests, and interested citizens.

34, Local interests reiterated their need for protected anchorage
inside the harbor, To effect this protection, it was proposed that
a combination earthen causeway and breakwater be erected generally
"parallel to the shore and connecting to it. The causeway would have
a top width of 200 feet with riprap protection on its outer side,
The area between the causeway and the exisiing channel limits would
be dredged to a depth of 8 feet, providing about 62 acres of anchorage,
Recreational adherents of improvements requested a stone breakwater
1,500 feet long placed immediately south of the existing 18-foot
channel and about 1,500 feet offshore, A depth of 8 feet in an area
shoreward of the barrier was requested. A stone jetty extending
3,000 feet due east from the northerly end of Long Beach was also
requested. Local interests claimed that this jetty would serve to
halt the littoral drift of material that flows northward along the
beach, finally being deposited in the entrance channel.

35. The anchorage areas and breakwaters are desired to provide
a protected anchorage for local fishing boats and pleasure craft, and
a harbor of refuge for transient eraft, The principal reasons
advanced by the proponents of improvement are: (a) that there is
no storm protection afforded at the wharves becuase winds veer suddenly
from one quadrant to another, with resultant damage to vessels tied
at the wharves; (b) there is no safe anchorage in the harbor: (c¢) the
authorized 18-foot anchorage if constructed, would not afford adequate
protection from northeast storms which back into the northwest, and
the authorized anchorage was designed primarily as a refuge for barges
and small tankers which are rapidly being retired from coastwise
commerce in this area; (d) available mooring and anchorages are
overcrowded, and maneuvering vessels, particularly during storms,
is difficult for both commerical and pleasure craft; (e) there is need
of a harbor of refuge between the Cape Cod Canal and Boston; and
(f) harbor use by both fishermen and pleasure craft will -increase
if there is adeguate protected anchorage.

36. The consensus of local desire for improvement indicated
that the authorized 18-foot anchorage is deemed obsolete and no longer
necessary. It was stated that the type of coastwise shipping



(towed barges and small self propelled barges) for which this anchorage
was designed is rapidly disappearing, and that the anchorage is too
inconvenient in location for present boating, which consists of

fishing and recreational craft. It was also gtated that if possible

it would be desirable to abandon the authorized anchorage and
substitute for it one of the plans described previously,

EXISTING AND PROSPECTIVE COMMERCE

37. Waterborne commerce, in the portion of Plymouth Harbor
under consideration in this study, consists of a single item, fish.,
The local fishing fleet consists of 19 draggers and 10 lobster-fishing
boats. About 20 other lobster boats base in nearby waters and land
their catch in Plymouth. In 1957 these boats, as reported by local
interests, landed 5,926 tons of ground fish and 171 tons of shellfish,
chiefly lobsters, Three distributing firms processed and distributed
this fish. The combined capacities of the three plants total 10,000
tons annually, The companies processed and distributed about
9,000 tons of ground fish in 1957, This figure is approximately
3,000 tons above the total ground fish landed at Plymouth. The
additional 3,000 tons of fish were landed at various Cape Cod ports
and trucked to Plymouth. If protected anchorage were available,
the distributors claim that all of this fish could have been landed
at Plymouth, resulting in a saving of rehandling and trucking charges.

38, With protected anchorage in Plymouth, local interests
predicted that a minimum of 30 draggers would transfer from Cape Ceod
ports to Plymouth. Reasons advanced for the transfer included;
lower trucking charges to Providence, Hartford and New York, the
principal markets for Plymouth fish, a diversity of boat repdir
facilities in the Plymouth area, and better living conditions.
In addition, local interests predict that 10 or 12 new draggers
would be constructed and introduced into the Plymouth fishing
fleet. Definite oral assurances of 3 boats were given, with
expectations of at least 4 to 6 more. Ih addition it was stated
that 5 new lobster boats would be added to the fleet.

39. In addition to the new boats discussed above, another
type of fishing has been introduced into Plymouth Harbor., In 1957
one fishing boat normally based in Maine, tested gill netting prospects
in the vicinity of Plymouth., The boat fished the entire winter season,
November through March, and had a successful season. The boat
owners deplored the exposed condition of the harbor but stated
that if improvements were made, they would return. It was further
stated that 4 to 5 boats would return with them as this type of
craft usually does not fish in its own locality during the winter
season. The return on this type of fishing is very lucrative
as the fish caught is steak cod, for which premium prices are paid.
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W0. In the event of improvement, local fish processors have
imdicated that plant capacities would be increased to handle ths
additional tonnage of fish landed by the prospective fishing flset.

It was also indicated that a formexr fish processor who had been in
business prior to the hurricane of 1954 would return showld improvement
be made. The hurricane of 1y5lh degtroyed his wharf, buildings and

2 draggers. _ ‘

VESSEL TRAFFIC

41, Reported commercial statistics for Plymouth Harbor and
North Plymouth, as a unit, indicated 1,738 vessel trips in 1957,
Because a large proportion of trips by smeller craft is not reported
and ne distinetion ls mede betwsen Plymouth and North Plymouth,
the reported traffic is not considered indicative of traffic in
Flymouth Harbor. '

2, The trips to Plymouth Harbor consist chiefly of fishing
vossels and recreational creft. In Plymouth, draggers average 250
- rourd trips per year which, for the 19 boaits engaged, would aggregate
9,500 vesgal trips. This figure was obtained from logal interests.
A total of 30 lobgster boabs land their catch in Plymouth on approxe
imately 125 days of a 150 day lobster season. This would add about
75500 mora vessel trips. The loeally based recreational fleet of
391 boats averages 2 round trips per wesk for about 16 weeks or
about 25,000 vessel trips. The present transient recreational
fleet of about 200 boats WO'l‘lld add an additional LOO vessel trips.

43. The total of the above described vessel trips amounts to
an estimated 42,400 vessel trips for the harbor. With improvement
effoctad, local interssts predict a hundred percent rise in vessel
bripse

DIFFICULTIES ATTENDING NAVIGATION

‘Lhe The principal difficulty attendant on navigation stems
from the sxpoged condition of the harbor. Northerly winds have a .
fetch of about 6 miles across the harbor. Storms from this direchbion
are usually the mosbt severe and cause considerable damage to boats,
both in the anchorages and at the wharves. Local interests report
that severe northeast- storms with high wave action have caunsed
considerable damaga, breaking boats looge from their moorings with
ragultant groundings and pounding on the shore. ‘

LB, It has alsc besn reported locally that during recent
hurricanes several translent boats sought refuge in Flymouth. A
congiderable portion of these boats incurred severe damage due o
the lack of adequate protected anchoraga,
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WATER POWER AND OTHER SPECIAL SUBJECTS

46, Water power, flood control, pollution or other related
subjects are not pertinent to this report. Thé Massachusetts Divi-
sion of Fisheries and Game has advised that any spoil disposal in
the nearby marsh areas (or harbor flats) would destroy the high value
of 6ne of the mést vdluable migratory waterfowl habitats on thé
Massachusetts shoreline. The report of the U. S. Fish and Wildlife
Service, favorable to improvement is shown in Appendix "B" of this
report.

PLAN OF IMPROVEMENT

47, Several plans of improvement have been considered in this
report. The first, advocated by local interests, consists of 3 break-
waters and two anchorages. One breakwater in the inner harhor would
be formed by a sheet steel pile buikhead about 4,400 feet long. The
bulkhead would extend from town-owned property north of the Town Wharf
for a distance of about 1,300 feet due east, then continue southeasts
erly for about 3,100 feet, generally paxrallel to the developed shore-
line. The ares shoreward of the bulkhead would be dredged to a depth
of 8 feet, forming a protected anchorage of about 62 acres. The spoil
from the dredged anchorage would be deposited seaward of the bulkhead
te form a causeway with a top width of 200 feet and side slopes of 1
vertical on 3 horlzontal. The side slopes would be riprapped. The
plan also included a rubble stone breakwater south of the existing 18-
foot channel and about the same distance from shore. This breakwater
would have a top width of 5 feet and 1 on 1 side slopes. Dredging of
an anchorage basin shoreward of this breakwater would also be re-
quired forming an anchorage of about 72 acres. A Jetity 3,000 fest
long extending due east from Long Point was also considered with this
plan,as requested. .

48. A study of this plan was made. The study revealed that,
although the structures proposed ingide the harbor would provide the
protected anchorage desired, costs would be excessive and incapable
of economic Justification. The Jjetty proposed for the tip of Long
Beach would serve its function of arresting the littoral drift of
sand that currently tends to shoal the entrance channel to the north-
ward. However, the ammual costs incurred in providing the Jetity
would exceed the current annual costs of maintaining the channel.

The cost of this plan is glven under, "Estimates of First Cost for
Comparative Purposes". 8Study was also made of a shorter jetty about
1,300 feet long. It was found that this Jjetty would be inadequate
over the anticipated life of the project, requiring extension period-
ically as the storage areas south of it hecame f£illed. First cost of
such a jetty plus periodic extensions would also result in annual
charges, exceeding amnual charges now incurred in maintenance of the
channel. Estimates of such charges result in a benefit-cost ratio of
about $1,600 : $2,500, or 0.6.
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L49. Alternate plans of improvement were studied with considera-
tion given to the various factors for which improvement is desired.
These factors includes the necessity for protected anchorage for the
current and prospective fleets; the direction from which storms of
high wind velocity most frequently occur, the fetch of open water
over which these winds would generate maximum wave heights, and the
most economical structure that would provide the desired protection.
From the alternate plans of improvement; one was selected which, it
is considered, will overcome the navigabtional difficulties extant in
the harbor.

50, The selected plan provides for a stone breskwater about
3,500 feet long, enclosing an anchorage of aboub 60 acres. The -
breakwater would extend easterly from a point north of the Town
Wharf for a distance of 1,400 fast, where its direction would change
southeastarly for an additional distanse of 2,100 feet, Between

this structure and the main harber chamnel, an ancherage of about 60
acres would be dredged to a depth of 8 feet, Design height of the
breakwater was fixed at 15,0 feet, based on a maximum tide of 12
feet, a design wave of 3.5 fest and a fetch of 6 miles. The Limit

of the enclosed anchorage would be akout 75 feet from the toe of the
breskwater, Primarily, the breakwater would provide proteciion from
winds emanating from northerly directions. These winds have the
greateat foteh and generate the maximum wave heights in the harbor.
Waves from esstorly directions are estimated to generate waves of 1.5
to 2 feet in height., While these waves of themselves are not as aige
nificant, they could cause damage in an anchorage in which boats are
closely moored. Thersfore, the breakwater!s direction was altered to
afford protaction from this latter direction. The breakwster would
also protect boats moored at the wharves. XLocal interests report
congiderable damage from this source in the paste

51. The size of the anchorage was designed for the current and
prospective flsets, both commercial and recreationals, The current
recroaticnal fleet at Plymoubh consists of 391 boats, including out-
boards, inboards, truisers, auxiliaries, and sailboats. The fishing
fleet nunbers 19 draggers and 10 lobster boats, based in the harbor.
Currant transisnt boats are equivalent to 6 boats per seaszon.
Prospective additions to the fleets include 8 draggers, 5 of which
will be trensfers, 5 lobgter boats, 110 additional recreational craft,
1 additional transient boabs, and 202 boats, due to normel growth
cvar ths project lifs. This should result in an aggregate population
of about 765 boats at the end of project life. It is egtimated that
a 60-acre anchorage could ascommodate about 600 boats leaving 165
boats at their present moorings in the State-dredged anchorages.

52. Basically, the chief elemsnt of navigationsl improvement

consists of protection from the severe northerly storms that occur in
Plymouth Harbor. Thersfore, breakwater protection was provided in
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all plans studied, including the selected plan. However, regardless
of protection, the existing anchorage areas are not spacious enough
to accommodate the existing fleet. In view of this factor, various
sizes of anchorsges were studied. In addition, different combina-
tions, such as anchorages exclusively, anchorages combined with
maxinas, and merinas exclusively were studled. It was found thet the
most economical method of providing mooring space was provision of
anchorage. Estimates of cost of each plan were made on a per boat
basis. During computation of these estimates, it was found that
marina construetion in harbors north of Cape Cod, where the mean
range of tide is 9 feet or more, is much more expensive than harbors
southward. The coOst per boat of the 60-acre anchorage is about
$1,400. The cost per boat for marina and anchorage combinations
ranged from $1,975 to $2,600. The cost per boat of marinas alone
with connecting channels and besins was in excess of $2,700. There-
fore, the 60-acre anchorsge was selected as the most justifiable.
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REQUIRED AIDS TO NAVIGATION

"'53. The United States Coast Guard has been corsul¥ed &nd has
advised thet 1 additional unlighted buoy will bé reduired €5 mark the
Jjunction of channel and anchorage. The estimated first cost of the
buoy is $1,000 with annual maintenance of $120.

ESTIMATES OF ¥IRST COST

5k, EBetimates of first costs of comstruction have been made for
both the desired and altermate plans of improvement. The estimate
for the desired plan is shown for informative and comparative purposes
only. This plan will not be consideréd further in the reéport. Fed-
eral construction would include all work in connection with the =
breakwater, and the basin plus required alds to navigation. Prices ~
include contingencies and are based on price levels prevalent in July
1961. Details of Costs are shown in Appendix "A".

PROJECT CONSTRUCTION

A. DESIRED IMPROVEMENT

(1) sSheet Steel Pile Bulkhead $ 1,092,000
Causeway . 1,22Q,000 |
Quter slope, Ripra@ 91,000

(2) stone breakwater (1,500' long) 228,000
Dredging#* : 834,000

(3) Breakvater at Long Point 506,000

Engineering and Design 26,000

Supervision and Administration 200,000

$ 4,200,000

B. AILTERNATE IMFROVEMENT

(1) Rubble Stone Breakiater® $ 610,000
(2) Basin (Dredging)¥* 784,000
Engineering and Design 20,000
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‘Supervision and Inspection $ 86,000

Total project construction cost $ 1,500,000
Aids to nayigation | ' 1,000
Pre;autporization Studies lOEOQO
Totel Project Cost $ 1,511,000

¥ Includes Contingencles

SHORELINE CHANGES

55. The west or mainland shore of Flymouth Harbor consists
partly of narrow beaches fronting moderately steep upland and partly
of mersh areas. In the vicinity of improvement, the shore is devel-
oped and protected by seawalls, riprap, and bulkheads. This shore
appears to be stable. The easterly inner shore is part of a long
sand spit stabilized by a stone mound running along almost its entire
length, This shore 1s subject to local wind wave action and minor
carrents. Depletion of the materials on this spit has been arrested
by various structures. Therefore, it is considered that improvement
would not contribute to any significant erosion of this shore. The
harbor bottom is composed of mud and sand flats, the major portion
of which are akove the plane of mean low water. No appreciable change
has cccurred in the elevation of the flats since 1910, as evidenced
by comparison of a Corps of Engineers' survey of that year with the
latest U.S. Coast and Gecdetic Survey Chart. In view of the swmall
amount of littoral movement of materials, it is considered that
ghoaling of the anchorage will be minor. It is not considered that
construction of a breakwater in the location considered will have any
appreciable effect on the shore.

ESTIMATES OF BENEFITS

56. Benefits to be derived from improvement of Plymouth Harbor
by provision of protected anchorage will be in part general and in
part recreational. General benefits will acecrue from reduction in
storm damage to fishing vessels and additions to the fisghing fleet,
both in new boats and in transfers from other harbors. Recreational
benefits will result from elimination of storm damege to recreational
craft, increased use of the harbor by the present local and transient
fleets, and by additions to those fleets as a result of the improve-
ment.

57. As stated previously under BExisting and Prospective Commerce,
it is estimated that 3 new draggers and 5 new lobster boats will be
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added to the present fishing fleet immediately after improvement,
This addition will increase fish landings in Plymouth Harbor by an
estimated 16 percent for ground fish and 17 percent for shell fish,
Comparison of the present total landings of ground fish with the
number of boats engaged indicates average annual landings.of

about 314 tons per boat. This figure agrees substantially with the
statement of local interests to the effect that the annual average
catch per boat was 625,000 pounds., The annual average trips involved
in making this catchare 250,

58. In consideration of the c¢laimed annual average catch, the
3 new boats would land a total of 3 x 2500 x 250 or 1,875,000 pounds
of fish, The average weighted ex-vessel price, of fish landed in
Plymouth is estimated at $.056 per pound. This price is based on
average welghted, exivessel fish prices landed at’ Boston during
1957 as reported by the Department of Interior, Fish and Wildlife
Service. Prices ranged from $0.0372/1b. for Whiting to $0.156 for
Black Backs., Thus the gross value of additional fish caught would
be 1,875,000 x ,056 or $105,000, In.consideration of reasonable
crew wages, operating costs, annudl carrying charges, and maintenance
of the fishing boats, it is estimated that 60 percent of the gross
or ex=vessel value of the fish is absorbed by these factors, and the
remaining 40 percent represents the net value. In this case, the
net value would be $105,000 x 0,40 ox $42,000, a general benefit for
improvement.

59. In the event of provision of protected anchorage, local
interests claim transfer of about 30 draggers from Provincetown and
other Cape Cod points, It was claimed that the present exposed '
condition of the harbor is the only deterrent to immediate transfer.
As justification for the c¢laim, it was shown that trucking charges
from Plymouth to the markets west and southwest which are served
by Cape Cod ports. average $0.57 per 125 pound case less than other
Cape Cod ports. Local dealers assert that this saving is passed
" on to the local boats, Additional running time for boats to
Plymouth is not a factor since the distance{to the various fishing
grounds average about equal for the ports concerned. In consideration
of the savings in truck charges, it is estimated that at least five
of the claimed transfers can be expected to transfer to Plymouth '
immediately after improvement. Since the average annual catch of
the boats ‘is 625,000 pounds, the total annual catch would be
5 x 625,000 or 3,125,000 pounds. At $0.57 per 125 pounds saving in
trucking charges, the savings would amount to $0.57 x 3,125,000 =
- 125 or $14,300 a general benefit,

60." No actual records of storm damage to boats has been kept
in recent years. Prior to 1949, the town had records of boats that
were damaged, although no monetary evaluation of the damage was shown.
#
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Estimates of all of the recorded damages were made in 1950, The
estimates showed on annuel average boat damage from storms, exclusive
of hurricanes, of $5,600 at 1950 price levels. Since the major por-’
tion of this demege occurred during war and immediate post-war years,
when recreational boating was practically non-existent and the fish-
ing fleet was smaller, the figure of $5,600 iz not considered
indicative of present annual average boat damage. It is estimated
that the damage is now wore extensive,as fleets have increased in
numbers. This results in a higher incidence of damage. The boat
repalr cost-index is also higher. In consideration of these factons,
it is estimated comservatively that annual average boat damage
amounts to $15,000. OFf this damage, 50 percent has.been assigned to
the fishing fleet and 50 percent to .the recreatiopal fleet. This
agsignment is based on the fact that the fishing fleet has a much
higher degree of exposure, particularly during the winter season when
the frequency of storms becomes greater than in other seasons. It is
estimated that protected anchorage will eliminate at least 80 percent
of the total damage, providing benefits of $12,000 to both recreational
and fishing hoats. In addition to the estimated annual average hoat
damage, conslderable havoc has resulted from hurricanes of record.
Iocal interests clted 3 such storms in which boat damage ranged from
$50,000 to $250,000. While the breakwater weuld not entirely elimi-
nate such damege, 1t is considered that the breakwater will alleviate
it in great part. )

6l. In 1957, & Maine transient fishing boat explored the possi-
bilities of gill-netting steak codfish out of Plymouth. The boat
fished from October through Merch for a total of 16 weeks. It
averaged from & to 5 days fishing per week for a total catch of about
144,000 pounds of fish. The boat operators were very gratified with
the results of the fishing venture, but were very concerned about
lack of protection in the harbor. This type of fishing boat does not
usually fish during the winter months. Therefore, the added fishing
at Plymouth resulted in additicnal earnings for the boat. The boat
owners stated that when protected anchorage becomes available, at
least 3 additional boats, of this type, will operate out of Plymouth
during the winter meonths in lieu of laying~up. No benefits from this
gource have been eveluated, as it is considered that various other

factors, other than protected snchorage, would induce these fisher-
men to return. However, it iz believed that protected anchorage
would be of benefit for this type of fishing, if pursued ian the
future.

62. Iocal interests report a fleet of 30 active full-time
lobster fishing bosts operating in the vicinity of Plymouth with all
of the fleet landing their catch in the harbor. Not all of the boats
hase in Plymouth. About 20 base in the nearby localities of
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Kingston, Duxbury, and Cedarville, & section of Plymouth south of the
harbor. The 10 remaining boats base in the harbor. The 20 boats,
not based in the harbor, are reported to consume an average of one
hour's extra time returning to their moorings. It was stated that
these boats would transfer to Plymouth in the event of improvement.
Investigation of this claim reveals that the boats presently hase at
their respective locations for personal reasons such as,proximity to
their homes, which allows for guicker access to the boats in the
event of storms. It is doubtful if any of these bhoats would transfer
to Plymouth in the event of improvement. Therefore, no benefits can
be derived for these bhoats., For the 10 boats which base in Plymouth,
no benefits other than elimination of storm demage, which has been
included in the overall storm damage estimated previously, will be”
derived. However, it is estimated that 5 new lobster boats will be
added to the Tleet after improvement.

63. It is reported that lobster fishermen operate out of
Plymouth Harbor 7 days per week from May through September. This
would result in an overall season of about 150 days. It is estimated
that about 16 percent of this season or 25 days is lost time due to
such factors as adverse weather conditions, emergency repairs, and
time for ordinary care and meintenance of the bogt. The average daily
catch per boat was stated to be 200 pounds. This figure is hased on-
the reported operation of 200 to L00 traps by each full-time lobster-
fisherman. It is considered that a daily catch of 200 pounds could
not be maintained over the entire season. A more reascnsble daily
average is estimated at 100 pounds based on reported landings compared
with the number of boats. This asverage is comparable to reported
landings of lobster boats in other fishing harbors along the New
England coast. For the 125 days of actual fishing, the boats average
100 x 125 or 12,500 pounds annually. The average ex-vessel price of
lobsters at Plymouth has been determined to be $0.50 per pound. This
price wae based on pasgsi records of local dealers. The gross value
per boat of the annual catech is $0.50 x 12,500 or $6,275. It is
eatimated that, simllar to the dregger fleet, the net value of the
cateh is 4O percent of the gross after wages and expenses are de-
ducted. Thug the net value per boat becomes $6,275 x 0.40 or $2,500.
For the 5 additional boats that would base in Plymouth Harbor, the
general benefit to be derived would be $2,500 x 5 or $12,500.

6h. Benefits for the recreational fleet have also been estimated.
The benefits bave Teen evaluated as the gain in annual for-hire return
which owners of the craft would enjoy, if improvement were mede. The
value of this gain 1s expressed as a percentage of the current value of
the fleet. The gain represents the difference between present use of
the harbor and the increased use that will be made possible as a re-
sult of improvement. Ideal return varies according to the size and
type of boat. For this report, the ideal return ranged from 12 percent
for outboard motors to 8 percent for the largest boat.
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In determination of the value of the ideal returmn, consideration was
given to the lack of protected anchorage, and the extent bto which full
use of the harbor was precluded by its unavailability, Consideration
was also made of the lack of sufficient anchorage to accommodate the
existing fleets, both local and transient.

65, At the present time, anchorage is confined to 2 basins
dredged by the Commonwealth of Massachusetts, and a natural hole
known as, "Hobshole Channel®, Depths in this hole range from 7 to
18 feet. The basins have been dredged to 6 and 15 feet. All the
anchorages are exposed to winds emanating from the northeast and north-
west quadrants. The basins are usuvally filled to capacity by both the
local fishing and recreational fleets., Transient boats are usually
assigned anchorage in the, "Cow Yard®, when the basins are filled.
The "Cow Yard" is a comparatively deep area at the entrance, directly
exposed to ocean awells. In an easterly storm or sudden squall, the
location is prohibitive, Therefore, transient boats usually proceed
to other harbors rather than anchor in this location., Provision of
protected anchorage would eliminate this harbor deficiency and allow
for recreaticnal benefits.

66, The recreational boating season in Plymouth is reported to
“average about 100 days annuzlly, or from May to September, This season
is somewhat shorter than other recreational harbors in the vieinity
enjoy. The chief reason for the abbreviated season is attributed to
lack of protected anchorage. Local interests claim that in the past,

a considerable amount of storm damage occurred during the aubumnal
months of September and Cctober, Therefore, to obviate any possibility
of storm damage, a large portion of the recreational fleet is hauled
out and stored for the winter months. This claim appears reasonable

as severe equinoctial storms ocecur during that peried., It was also
claimed that a considerable part of the damage was suffered by boats
which had sought refuge there, With protected anchorage, the season
can be extended 20 to 30 days, providing for increased use of the
harbor immediately after improvement, Benefiis from this source are
estimated to total $L0,600 as detailed in table I.

67. Provigion of protected anchorage will allow for normal
growth of the recreational fleet, This growth is now restricted by
lack of anchorage space. Numerous requests for permenent mooring
space have been made and have had to be denled because of lack of
mooring space, The harbor is popular in southeastern Massachusetts,
as evidenced by the growth of the recreational fleet in rscent
vears., In spite of its disadvantage of being unprotected; the
recreational fleet has increased from 200 boats in 1950 to 391 in
1958, an increase of 91 percent, Local interests claim this number
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is the maximum that can be accommodated under present conditions.
With normal growth, it is conservatively -estimated that tThe fleet -
will increase about 50 percent over & 50-year périod, the antici-
pated life of the project. Since thesé boats will zealize the full’
benefit of protected amchorage; idedl return to the boats will ocecur
in the event of improvement. However, since the benefits will be
realized gradually over the life of the project, the beénefits are
reduced to their snnual average equivalent, which amounts to §34,600°
x 40boB or $14,000. Benefits for normal growth for the recreational
fleet are detalled in table III.

68. Discussion with local interests developed the fact that
many recreational craft hdad applied for permenent moorings in the
harbor, but had been denied such space due to the lack of anchorage
area, It was further reported that at least 200 to 300 boats would
be immedietely added to the fleet 1if protected anchorage were pro-
vided. This estimate is considered overly-optimistic. However, in
view of the harbormester’s records of applications for mooring and
the yacht club's declaration, relative to additions to its flotilla,
it is considered that 110 new boats will be added to the local fleet
immediately after improvement. Ciassification of these additional
boats results in an additional fleet of 50.outboards, 10 inboards,
25 cruisers, 5 auxiliary seil, and 20 sallboats. As these boats
will be new boats, not presently hased elsewhere, it is estimated
that 100 percent of the ideal retwrn will be realized for them and
constitute a recreational berefit. Benefits estimated for these
boats aggregate $11,600 as detailed in Table II. -
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HARBCR: Plymouth Harbor TABIE I, BENEFITS TO RECREATIONAL BOATING

Locally~based Floet

DEPRECIATED VALUE PERCENT RETURN ON CRUISE

TYPE OF  IENGTH NO, OF AVERAGH  TOTAL  IDBEAL, % OF IDEAL _ GAIN VALUE AVG, % OF  VALUE
CRAFT (Feet) BOATS $ 3 ___Prag, Future $ DAYS SEASON ¢
RECREATIONAL FLEET ' ,
Outboards 1020 216 750 162,000 12 100 200 - - - - -
Inboards  10-20 6 2,500 15,000 12 85 100 1.8 270 -
Cruisers  15-30 18 3,000 5l,000 9 8% 100 1435 729 _
31=50 L7 6,000 282,000 9 85 100 1.35 3,807 30 25 952
51=60 17 10,000 170,000 9 85 100  1.35 2,295 30 25 57k
Aux. Sail 15-30 5 11,000 20,000 9 85 100 1.35 270 - - -
31-10 3 8,000 2)15000 9 8s 100  1.35 32, 30 25 81
1160 2 15,000 30,000 9 85 100 1,35 405 30 25 101
S8ailboats - 10-20 - Bl 500 27,000 12 85 100 1.8 L86 -
. 2130 |
31-40
)1=60
CHARTER BOATS - ~ "
Cruisers  2l=35 5 5,000 25,000 12 85 100 1.8 L50 -
36=50 15 . 8,000 120,000 12 85 100 1.8 2,160 | -
51-100 3 20,000 60,000 12 85 100 1.8 1,080 © - -
' , - 17,576 1706
TOTALS - 391 12,276-~1708=10,568 - Say 10,600
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HARBOR: Plymouth Harbor

TABLE II, BENEFITS TO RECREATIONAL BOATING (Additions)

DEPRECIATED VALUE ______ PERCENT RETURN ON CRUISE
TYPE OF - IENGTH  NO. OF AVERAGE  JTOTAL TDRAL, % OF IDBAL GALN VALUE G, 4 OF  VALUE
CRAFT (Faet) BOATS 3 3 __"“"Pre""""""'"’"s. Future $ DAYS SEASON &
RECREATIONAL FLEET
Outboards 10=20 50 750 37,500 12 0 100 - (1) - - -
Inboards 10«20 10 2,500 25,000 12 0 100 12 3,000
Cruisers 15-30 20 3,000 60,000 9 0 100 .9 5,400 30 25 1,350
3150 5 6,000 30,000 9 0 100 9 2,700 30 25 675
. 5160 _
Aux, Sail 15-30 5 14,000 20,000 9 0 100 9 1,800 30 25 150
31=40
L1-60 _
Sailboats '10=20 20 500 10,000 12 0 100 12 1,200 10 20 120
- 2130
31ali0
Lil=60
CHARTER BOATS
Cruisers 21=35
' 36-50
51-100 f
TOTAIS 110 1;,2.00 24595
114, 100~2,595=11,, 505 Say $11,600
(1) No benefit taken for outboards. )
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HARBOR: Plymoubth Harbor

TABIE 11l.

FENEFITS TO RECREATIONAL BOATING (Gradual Growth)

DEPRECIATED VALUE

PERCENT RETURN

ON CRUIBE

TYPE OF IENGTH NO. OF  AVBRAGE  TOTAL TOEAL % OF iD GA VALUE V3. & OoF . VAL
CRAFT (Feet)  BOATS 3 Pres, Future $ DAYS SEASON  §
RECREATTONAL FLEET ' : ;
Owbboards _10-20 . - 130 750 82,500 12 0 12 12 -(1) -
Inboards 1020 N 2,500 10,000 12 0 12 12 1,200 -
Cruisers 15-30 9 3,000 27,000 9 0 9 9 2,h3o 10 10 245
3150 23 6,000 138,000 9 0 9 9 12,20 30 25 3,105
5160 8 10,000 80,000 9 0 9 9 7,200 30 25 1,800
Auxe Sail 15=30 3 L;,000 12,000 9 0 9 9 1,080 30 25 270
3110 2 8,000 14,000 9 0 9 9 Lyli0 30 25 360
L1-60 1 15,000 15,000 9 ) 9 1,350 30 .25 3L0
Sailboats 10«20 27 500 133500 12 0 12 12 1,620 -
2130 N 1, 500 64000 12 0 12 12 720 -
31=l0
{1wb0
CHARTER BOATS : :
Cruisers 2i=35 2 5,000 10,000 12 o 12 12 1,200
36=50 8 8,000  6L;000 12 0 12 12 75680
511,00 1 20,000 20,000 12 0 312 12 2,1;00 :
R 5 8 T ~ 8,120
TOTALS 202 h0,7h0-6,120u3h,620 Say 3l,600
(1) No benefit taken for outboards,
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69. The present transient recreational fleet of about 250 boats
visiting Plymouth Harbor is reported to average a stay of about 2 to
3 days per boat. However, in 1958 over 1,000 boats visited Plymouth
Harbor. The greater portion of these boats requested mooring space
and had to be refused for lack of enchorage. This traffic in tran-
sient boating is not considered normal under present conditions of
unprotected anchorage, as in 1956 the harbormaster reported a total
of only 210 hoats wvisiting the harbor. The increase in transient
boating in 1958 is attributed to the presence of the "Mayflower II1",
a replica of the original Mayflower, which attracted an unusual
number of visiting craft. While the increase in translent boating
from this source is not expected to meintain its present volume, 1t
is considered that a percentage of the increase will continue. The
percentage of increase is estimated as 50 percent of the increase in
1958 over 1956 or a 400-boat increase. Consideration of this esti-
mate was made on the basis of the added attractiveness of the
locality as & nationel shrine. ' i .

T70. As stated previously, transient boating is hampered in t;;ﬁ\\ | ﬂﬂ
harbor by lack of anchorage space. In normel years 200 to 300 boats’ \ f%ﬁ
are denied anchorage space for overnight steys. In consideration of n
this factor and the normel growth of boating, it is estimated that anrcb
additional 400 boats will visit Plymouth Harbor for stays of at leafE/

2 or more days. ' ’

Ti. 'The total of the above described transient visits will
result in an anticipated transient fleet of 1,000 boats annually.
This total reflects the 200 boats normslly using the harbor, the
400-boat increase attributed to visits of historical significance,
and the L0O-boat increase resulting from provision of additional
anchorage. For the l20-day transient boat season this will amount
to an estimated 2,400 boat days or the equivalent of 20 permenent
boats. Benefits for these beata are detailed in Table IV,

TAELE IV BENEFITS T0O TRANSIENT RECREATIONAL BOATING
(BExisting end Prospective)

Type of No. of Depreciated Value % of Ideal
Craft Iength Boats Average Potal Ideal Pres. Future Gain Value
Cruisers 31«50 10 6,000 60,000 9 80 100 1.8 1080
51=60 5 20,000 100,000 9 80 100 1.8 1800
Aux. Sail 31-h0 3 20,000 60,000 9 80 100 1.8 1080
41-60 2 25,000 50,000 9 80 100 1.8 900
‘ L8600
TOTALS 20 Say 4,800
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72o Plymouth Harbor is the largest harbor between the eastern
end of the Cape Cod Canal and Bogton Harbor, Its location amd storm
protection ars such that it makes an sxcellent refuge from south=
easterly and easterly stormse Boats in transit between the two
points or to northern ports often seek refuge in such storms. How
ever, in severe northeast and northwest storms refuge is not practie-
cable as no protection is afferded from these storms which generate
local wind waveg of 3 to L feet in height. Considerable boai damage
has been incurred in 3 recent hurricanes by boats who sought refuge
in Plymouth. For the purpose of this report, no evaluation of annual
damage, attribubtable to this source, has been made because of the
inherent difficulties in compiling records of it., However, it is
believed that considsrable benefits accruing from provision of a
harbor of refuge from thege storms will be deriwved.

73+ The benefits described above ars summarized in the £ollowe
ing tables "

TABLE' V

'
Source | General Local Total

3 Additional draggers $ 12,000 $ L2000
5 Trangferred draggers  2h,300 B 1)4,30091“ "
Reduction in Storm Damage 9,000 § 3,000 ,ooob”‘“
5 Additional Lobster Boats 12,500 :Lz,sooﬁ[ﬂﬁ
Local Recreationsl Fleet, (increased ' Lo \
use, plus gradual growth) . 12,300 12_,300 | 2h,600 &

110 New Recreé.tional Boats 5,800 5,800 11,460 600477 )
Present and Anticipated Transient : : ' !
Recreational Fleets 2,1,00 2,100 800 A1

Total $ 98,300  § 23,500 $121,800

i;‘
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Tho The estimated annual charges for the considered improvement
are based on an anbticipated project life of 50 years, at interest
rates of 2,625 percent for the Federal Governmsnt and 3.5 percent for
local interests. Additional annual meintenance charges are based on
costs experienced in maintenance of the existing project. The compu=
tation of annual charges is detailsd below:

Federal Annugl Charges

(a) Corps of Engineers $ 31,8LL
Interest (1,210,000 x 002625)
Amortization (1,210,000 x +00989) 12,000
Additional Annual Maintenance 10,000

(v) United States Coast Guard

Interest and Amortization (1000 x ,0361)L1) 36
Additional Annual Maintenance 120

Total Federal Charges $ 5k, 000
NoneFadaral Charges

Interest (300,000 x 4035) $ 10,500
Amortization (300,000 x »00763) 2,300

Total Non-Federal Charges $ 12,800
Total Annual Charges $ 66,800
GOMPARISON OF BENEFITS TO COSTS

75, Gomparison of the estimated annual benefits of $121,800 with
the estimated annual carrying charges of $66,800, results in a benefit
cost ratio of leBe

APPORTIONMENT OF COSTS AMONG TNIERESTS

76, Construction costs for navigational facilities have baeen
apportionsd among interests in proportion to the benefits received.
Since the ratio of evaluated general benefits to local benefits is
80 percent to 20 percent, congtruction costs have been apportionsed
in the same ratio. The apportionment of costs is shown as follows:
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Paderal

Corps of Engingers, CGensral navigabion
Taoriitise (0,00 % 1, 200,000) $1,,200,000
Pre-authorization Stﬁdies 10,000
Sub~Total $1,210,000
Us Se. Coast Guard Alds to Namig;tion 1,000
$1,211,000

Non~Faderal .

Local Cash Contribution ($1,500,000 x 0.20) 300,000
Total Project Golst $2.,511,000

77« The estimated additional annumal maintensnce costs of
$10,000 for dredging and $120 for navigation aids are considered to
be Faderal costs to be incurrsd by the Corps of Engineers and the
Us 8+ Coast Guard.

PROPOSED LOCAL COOFPERATION

78+ Local interests showld provide, without cost to the United
States, all lands, easemsnts, and rights-ofwway necessary for con=
struction and maintenance of the project when and as required, Local
interests should also hold and gave the United States fres from
damages that may result from either the congtruction works or maine
tenance .

79s Thers are 2 public landings in the area considered for
improvement, the Town Wharf and the State Pier. Both of these have
suitable supply facilities and have been offered as public landings,
open to all on egual terms., Therefore, no additional public landing
is necessary. Howevery it is considerad that local interests should
provide, without cogt to the United States, all necessary mooring
facilities in ths anchoraga.

80¢ - The benefits to be derived from improvement of Plymouth
Harbor are partly local and partly general in nature. Local benefits
are estimated as 20 percent of the total benefits. Since it is
considered that local interests should share in the project costs
commensurate with the local benefits to be derived, it is considered
that local interests should meke a cash contribution of 20 percent
of the congtruction cost of the project, exclusive of aids to
navigations. The local cash contribution is estimated at $300,000
(1961), Provision of and maintenance of navigation aids are
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considered to be a Federal responsibility. ILocal interests have been
consulted and have provided reasonable assurance that the above
described requirements of local cooperation would be met.

~ COORDINATION WITH OTHER AGENCIES

81. All Federal, State, and local intersts having én Interest
in improvement of Plymouth Harbor were notified of the public hearings
held 12 May 1949 end 16 January 1958. Representatives of the town of
Pilymouth, the Commonwealth of Massachusetts, and the U. S. Coast
Guard have been consulted throughout the study concerning the effects
of the proposed improvement on their activities. Fish and wildilfe
agencles, both Federal and State, have been consulted. Their com-
ments are contained in Appendix "B" of this report.

DISCUSSION

82. Plymouth Harbor is one of the more active small-boat harbors
in Massachusetts, serving the needs of both commercial fishing and
recreational boating. It lies about 45 miles southeast of Boston
Harbor and about 15 miles northwest of the east entrence to the Cape
Cod Canal. It is used frequently as a harbor of refuge from the sud-
den easterly squalls which occur along the Massachusetts coast. Its
prominence as a national shrine contributes greatly to its value as
& tourlist attraction; many thousands of tourists vislit it during the
summer vacation sesason. Among the visitors are transient bosts, many
of which are unable to remaein overnight beceuse of inadequate anchor-
age conditions.

83. The town of Plymouth, the immediate tributary ares, has a
permenent population of about 14,000. Its real estate veluation in
1956 was $31,443,950, The population is augmented in the vacation
season by about 2,000 summer resident familles, and about 60,000
tourists. There are 3 wherves of which two are used commercially
and the remaining one serves the yacht club. There are alse six
boatyards used primarily for storage, repair and servicing of boats.
Most of these yards have attendant wharfing facilities.

84, There is considerable local interest in harbor improvements
as evidenced by past local expenditures on harbor development. In
addition to cash contributions on several Federal improvements, local
interests have expended in excess of $600,000 for navigation and
waterfront imprevements. The net result of such expenditures includes
2 small anchorages, seawalls and riprap protected shores. The Town
Wharf has been improved and increased in size sufficiently to handle
the unloading of about sikx draggers simultaneously. Two Wholesale:
fish procegsing establishments are located on the wharf. '
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85. Fish is the chief item of commerce in the portion of the
harbor under consideration., In 1957, according to local reports,
5962 tons of groundfish and 171 tons of shellfish were landed by a
fleet of 19 draggers and 30 lobster loats. Three wholesale fish
dealers handled this commerce. In addition to the landings, the
three dealers report an additional 3,000 tons of fish trucked into
Plymouth from other Cape Cod ports. It was claimed that the major
portion of this additional catch would be landed at Plymouth in the
event of improvement.

86. The chief desire for improvement, as developed by the
second public hearing in 1958, consists of additiocnal protected
anchorage. Local interests report that the lack of such anchorage
precludes expansion in boating activity in the harbor, As
justification for improvement, boat damages during 3 recent
hurricanes were cited. Local estimates of such damages amounted to
more than $500,000. Damages due to storms other than hurricanes were
also cited. Storms of the greatest wind velocity are usually from
a northeasterly or northwesterly direction. Such storms have a fetch
of about 6 miles over open water and at high tide generate local wind
waves with heights from 3,5 to 4.0 feet maximum. It was stated that
such storms cause boats to break away from moorings and go aground
with resultant damage. Boats tied to wharves are also damaged by the
wave action, Estimates of damages incurred by such wave action amount
to $15,000 annually,

87. To obviate such damages and provide for expansion of both
the recreational and fishing fleets, local interests proposed that
a combined causeway and barrier be erected. The causeway would have
a top width of 200 feet, be bulkheaded on the shoreward side, to
retain the fill, and riprapped on its outer face., It would extend
easterly for about 1,300! then southerly for about 3,100 feet. The
area west of the breakwater would then be dredged to a depth of 8
feet to provide an anchorage basin about 62 acres in area, Fill for
the causeway would be available from the dredging of the basin, As
a supplement to this plan for protection of the harbor south of the
main channel, it was proposed that a stone breakwater be constructed,
This breakwater would be about 1,500 feet from the shore, generally
parallel to it,and about 1,500 feet long., A&n 8-foot basin would be
provided west of this breakwater. An impervious Jjetty on the tip of
Long Beach was also proposed, This jetty would have the effect of
arresting the littoral drift that now tends to flow northward with
resultant shoaling of the entrance channel,

88. Studies made of the desired improvement revealed that
although the desired protected anchorages, and simructures would be
adequate, the costs of construction would be relatively high and
incapable of economic justification, Therefore, an alternate plan
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of improvement was studied. The alternate plan consists of a rubble
stone breskwater extending 1, 40O feet in an easterly direction from a
point north of the Town Wharf then 2,100 feet in a southeasterly
direction for & total length of 3,500 feet. The alternate breakwater
would provide protection for a 60-acre anchorage to be dredged shore-
ward of the breakwater, plus providing protection for the existing
locally dredged anchorages. Construction cost of the desired improve-
ment was estimeted at $4,200,000 and of the alternate lmprovement
$1,500,000. The existing project provides for a L2-acre anchorage

18 feet deep on the easterly side of the harbor adjacent to Long
Beach. This aspect of improvement was authorized by the River and
Harbor Act of June 20, 1948. As an item of local cooperation local
interests were required to contribute one-third the first cost of
construction, estimated at $417,000 (1954)., At thet time, the town
of Plymouth established a fund for the purpose. No Federal funds were
appropriated for construction in the next ten-year interval. In the
meanvhile, the town expended its funds for more urgent purposes. In
1948, it became apparent that the type of shipping for which the
wnchorage was designed was rapidly becoming cobsclete in this locality.
Therefore, local interests requested modification of the project to
provide anchorage for recreational and fishing craft in a more
.accessible part of the harbor. The modification was requested as

a substitute for the authorized anchorage which is locally considered
as inaccessible and not protected sufficiently for the shallower
draf't boating now prevalent in the locality. The present study re-
veals the justification of this phase of improvement. Therefore, it
is considered that the project should be modified to eliminate the
authorized 18-foot anchorage.

89. Benefits to be derived from improvement are partly general
and partly local in nature. General benefits of $6,000 were derived
from reduction in annual average storm deamage to the fishing fleet.
No benefits were derived from increased catch of fish by the existing
fishing fleet. It was determined, however, that as a result of inm-
rrovement, 3 new draggers and 5 new lobster boats would locate in
Plymouth Herbor. Annual benefits from the increased catch for these
boats have been egtimated as $42,000 for the draggers and $12,500 for
the additional lobster boats. It was also estimated that as & result
of improvement, S draggers would transfer from other harbors. Ab
the present time, these boats are hased in, and land, thelr fish at
other ports. Trucking charges to markets it New York and southwest-
ern New England are higher from these ports than Plymouth. Since
gverage boatatime spent to and from the various fishing grounds from
these other ports and Plymouth is the seme, elimination of additional
trucking charges will be a considerable factor in the decision to
transfer. Benefits resulting from elimination of the higher trucking
charges from present bases to market have been evaluated and amount
to $1L4,300 annually. The recreational fleet will also benefit from
improvement. In ‘the same manner ag the fishermen, the existing recrea-
tional fleet will be protected from storm damage. The sverage annual

28



benefit from this source has been evaluated as §6,000 of which $3,000
is considered general and $3,000 local, Benefits are also considered
to accrue to the recreational- fleet, both prospective and exisbing,
from increased use of the harbor, the addition of new boats and addiw
tional transient boating, Total recreational benefits amount to
$L7,000 of which $23,500 are considered local and $23,500 general,

90. The apportionment of first cost of construction was predim
cated on the ratio of local to general benefits, ILocal bensfits were
20 percent and general benefits 80 percent of the total evaluated
benefitse Therefore, costs of construction wers prorated in the same
menners Total flrst cost of construction was estimated at $1,500,000
The local share of construction was estimated as 20 percent of
$1,500,000 or $300,000, leaving $1,200,000 as the Federal shara,

9l. Losal interests should be required ¢ hold and save the
United States free from damages that may result from construction
and subsequent maintenance of the project. lLocal interests should
also provide lands, easements and rightseof-way necessary for cone
struction and maintenance of the project,.

CONCLUSIONS

92, The Division Engineer finds that additional protected ,
ancherage is both necessary and aconomically jusiified for the existe
ing and prospective fishing -and recreational flesets. He concludes
that the additional protected anchorage would be feasibly effected
by constructing a stone bredkwater, extending from a point north of
the Town Wharf, anfl 300 feet offshore, easterly for 1400 feet then
turning southeasterly for 2,100 feet, for a total distance of 3,500
faet, and dredging an anchorage basin south of the breakwater about
60 acres in area. The benefitecost ratio is 1le8. The total first
cost of construction is $1,500,000, exclugive of aids to navigation
and preauthorization studies, ‘

93. Inasmuch as the local benefits o be derlved are 20 percent
of the total benefits, 1t is considerad that local: interssts should,
in the same proportion, share in the first cost of constructions
First cost of construction 1s presently estimzted at $1,500,000
(July 1961). The local cash contribution should, therefore, be 20
percant of $1,500,000 or $300,000. The Division Enginser finds also
that the presently authorized l8-foot anchorage is neither necessary
in ths best interests of navigabtion, nor desired by local interesis.

RECOMMENDAT LONS

94. The Division Engineer recommends that the existing project
for Plymouth Harbor be medified to provide for the following:
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(a) A rubble stone breakwater 3,500 feet long, top width 5
feet, top elevation 15.0, extending easterly from a point north of
the Town Wharf.

(v} An 8-foot deep anchorage, 60 acres in ares south of
the breakwster.

- (e) Elimination of the authorized 18-foot anchorage from
the exlsting project, as no longer necessary.

The total estimeted construction cost of the project is $1,500,000
with $10,000 additional annual maintenance. :

This modification is recommended subject to the condition that
local interests:

(a) Make a cash contribution of 20 percent of the con-
struction cost, currently estimated at $300,000.

(b) Maintein existing public landings open to all m equal
terms and provide without cost to the United States, all necessary
mooring faclilities in the anchorage.

(¢) Provide, without cost to the United States, all lands,
easements, and righta-of-way necessary for construction and maintenance
of the project and, :

(d) Hold and save the United States free from demages that
may resuli from construction and subsequent maintenance of the project
and,

{e) Agree to furnish spoil disposal areas, upon request of
~the Chief of Engineers if it is determined after detailed studies
that such areas are necessary, and without cost to the United States
furnish any such areass reguired, including such dikes, bulkheads and
embankments as may be necessary for the inltial construction and
meintenance of the project.

SEYMOUR A. POTTER, JR.
Brigadier General, U.'S.. Army
Division Engineer
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SURVEY OF PLYMOUTH HARBOR, MASSACHUSETTS

APPENDIX A
ESTIMATE OF FIRST COST

ls The first cost of the recommended iwmprovement is given below,.
‘Paderal construction consists of the provision of a core=fillad rubble
stone breakwater 3,500 feet long, and dredging a 60=acre anchorage
basin south of it to a depth of 8§ feet., The United States Coast
. Guard has advised that one additional buoy will be required to mark
“the anchorage.,

2+ Probings made during the study consist of mud and sand., Tt
is anticipated that dredging will be accomplished by bucket dredge
with the material spoiled at sea. Such action will be necessary as
the Commomwealth of Massachusetts Division of Fisheries and Game
recomends that no £ill be placed on the marsh or harbor flats areas.
Their recommendations are shown in Appendix "B", Dredging quantities
ara in terms of in-place measurement and include an allowance of 1
foot of overdepth. Side slopas of 1 vertical on 3 horizontal were
used. Oost estimates are based on July 1961 price 1evels.

30 The detailed estimate of cost is as followss
PROJECT COST ESTIMATE

(Thousands of Dollars) Cost Estimate
Cogt Account ' ($1,000)
Number Ttem . : (JuLy 1961)

02 Channels = 8¢ Anchorage (Dredging

620,000 ¢y of mud and sand at $1,10 -

68200 (Contingenciss at 154 =~ 102,0) 7811.0
10 Breakwater (Rubble Stons) 76,000

tons of stone at 7.00 = 532

Contingencies at 15% - 78 610.0
29 Pra Authorization Studiles 10,0
30 Enginsering and Design 20,0
31 Supervision and Administration . 86,0

Total Cost (Corps of Engineers Funds and
non-Federal Contributions)  $1,510.0

Non~Federal Contribution - 208 § 300.0
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Total Non~-Federal Costs

Iands and Damages
Relocations
Other

(Cash Contribution (20% of $1,5oo o)
Publiec Landing

Total Non-Federal Costs

Summary of Hstimated Costs

Federal Cost

Corps of Engineers
U. 8. Coast Guard

Regquired Non-Federal Costs

Cash Contribution

Total Federal and non~-Federal Cosgts

w
O

oo

ol

g
o

1,210.0Q

l’-O

300.0
1,511.0



SURVEY OF PLYMOUTH HARBOR, MASSACHUSETTS
APPENDIX B

- FISH AND WILDLIFE SERVICES

1. The U, 5. Fish and Wildlife Service and the Commonwealth
of Massachusetis Division of Fisheries and Game were requested to
comment on the proposed improvement, Their comments are contained
in the following pages. ‘
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UNITED STATES NORTHEAST REGION

{REGION B)
DEPARTMENT OF THE INTERIOR MAINE
FISH AND WILDL!FE SERVICE NEW HAMPSHIRE
BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YORK
59 TEMPLE PLACE VERMONT

REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANIA

MASSACHUSETTS
NEW JERSEY
RHODE ISLAND
DELAWARE
CONNECTICUT
WEST VIRGINIA

December 29, 1959

Division Engineer

New England Division

U, S. Corps of Engineers
424 Trapelo Road

Waltham 54, Massachusetts

Dear Sir:

The navigation improvements on Plymouth Harbor,
Massachusetts, as outlined in your letter dated October
13, 1959, have been considered by the Bureaus of this Service

and we conclude they will have no deleterious effect on the

marine resources or wildlife of the area.

Sincerely yours,

ohn S, G t: schalk
Regional Director



UNITED STATES NORTHEAST REGION
DEPARTMENT OF THE INTERIOR (reGION o)

MAINE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YORK
59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANIA'
MASSACHUSETTS

NEW JERSEY
RHODE ISLAND
DELAWARE

February 16, 1960 CONNECTICUT
WEST VIRGINIA

Division Engineer

New England Division

U. 5. Corps of Engineers
Lol Trapelo Road
Waltham, Massachusetis

Dear Sir:

We have investigated the economic justification used in connection
with the Plymouth Harbor navigation study as outlined in your letter
to us dated January &, 1960. You have estimated that 5 new lobster
boats and 3 new draggers would be added to the'local-fishing fleets.
It was consldered that each dragger lands an average of 312.5 tons

of fish annually. Three new draggers would land 937.5 tons of fish,
increasing the total annual catch landed at Plymouth Harbor by

16 percent. It was considered that the 5 new boats would lard an
additicnal 62,500 pounds of lobster annually, or an increase of about
17 percent in relation to the present landings of about 180 tons.

In ocur opinion the estimated increase in fishing activity and landings
that might be expected at Plymouth Harbor is entirely reasonable.
Present Tishery trends are toward smaller vessels, landing high-quality
fresh fish. Plymouth is well situated for such activity. There is,
however, a definite possibllity that increased landings at Plymouth
would be at the expense of Provincetown. There are distribution prob-
lems in handling fish at Provincetown, and the same {ish landed at
Plymouth would be mnore readily available to the markets.

A marked improvement in the harbor facilities at Plymouth might result
in an even greater use than that suggested. For this reason (the fact
that your analysis is conservative, if anything) we do not feel that

. the possibility of competition with Provincetown is a significédnt
factor in the economic justification for improvement of Plymouth Harbor.
Obviously, however, we cannot assign benefits to harbor improvements
in cases where the effect of such improvements is primarily to divent
landings from other ports. .



These comments, together with our letter dated December 29, 1959,
" constitute our report on the plan of improvement for Plywouth Harbor,
Massachusebtts.

3incerely yours,

M. A. Marston
Chief, Division of Technical Services
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October 16, 1959

- Mr. John Wm, Leslie, Chief
Engineering Division

U.S5. Army Corps of Engineers
New England Division

424 Trapelo Road

Waltham 54, Mass.

Dear Mr. Leslie:

Your considered improvements, resulting from your
navligation study of Plymouth Harbor, Massachusetts, have been
reviewed by this Division.

I would like to report that, wlth one exceptlon, we
have no objJections to 'your proposals as outlined in your letter
of October 13th. You state that present planning cslls for
dumping the dredged material offshore but that you may find it
more feasible to utilize the nearby marsh or harbor flats area.

Our recommendatlion is that you continue with your
present plans for offshore deep water dlsposal. We consider
Plymouth Harbor, with the marsh and harbor flats areas, to be.
one of the most valuable migratory waterfowl habltats on the
Magsachusetts gshoreline. Dumping of dredged material on the
marshes bordering the harbor, or on the flats in the harbor,
would destroy this high waterfowl value.

' Since we have no information concerning the effects
on marine fish or shell fish, 1t 1s suggested that you contact
the Massachusetts Division of Marine Fisheries, 15 Ashburton
Place, Boston for this Information.

Very truly yours,

CHARLES L. McLAUGHLIN
DIRECTOR

CLM:mg



Dpartment of Nitural Resources
Livision of Marive Fikories
75 Shbbaurton Foce. Roston £

October 29, 1959

Mr. John Wm. Leslie, Chief

United States Army Engineer: Division
Corps of Engineers

424 Trapelo Road

Waltham 54, Massachusetts

Dear Mr. Leslie:

The proposed. construction of a breakwater and anchorage at Ply-
mouth has been reviewed by Dr. Matthiessen and me, and we find
nothing objectionable in the proposal except the disposal of
dredged material on marsh areas.

We feel the preservation of existing marsh areas is absolutely
necessary if we are to protect the biological environment nec-
essary for fish and shellfish propagation.

In view of this policy, we sincerely urge that every considera-
tion be given to protect marsh areas and that no dredged material
be dumped on them,

On the other hand, if your engineers deem it feasible to dump
sand on an intertidal or subtidal area where no damage will result
from the material shifting, these areas so produced are usually
beneficial to shelifish.

We thank you for the opportunity to comment on this work.

If we can be of further assistance to you, please do not hesi-
tate to call on us. '

Sincerely,

E:;J;Qékfa.CLAl%&uq 3&.
F )

Frederick C. Wilbour, “Jr.

Director

FCW: et



PLYMOUTE HARBOR MASSACHUSETLTS

Information called for by Senate Resolution 148, 85tk Congress.
Adopted 28 January 1958

1. Navigation Problem. Plymouth Harbor, on the east coast of
Massachusetts, is 45 miles south of Boston Harbor. It is the most
goutherly of three lsrge bays, separated from the Atlantic Ocean by
2 long and narrow sand spits. The harbor hes an area of about 2,000
acres, a large part of which is bare at low tide. The harbor is used
chiefly by smell fishing craft, and in the summer months, by recrea-
tional boating.

2. The principal navigetional difficulty stems from the exposed
condition of the harbor, particularly in a northerly direction.
Winds from that direction have a fetch of about 6 miles. Northerly-
storms sre usually the most severe occurring in the locality. These
storms have caused considerable boat damage in the past, both in the
anchorages and at the wharves.

3. Improvements. Considered. In order to provide for sheltered
anchorage inside the harbor, local interests requested breakwater
protection. To effect this protection, it was proposed that a com-
bination causewsy and earth dike be erected, The dike would have a
top width of 200 feebt, & riprepped side slope on its seaward side,
and & retaining sheet steel pile bulkhead on its inner side. The
dike would extend from town-owned property north of the YTown Wharf
for & distance of 1,300 feet due east, then continue southerly, and
generally parallel to the main waterfront for a distance of 3100 feet.
It was proposed also that the area shoreward of the atructure be
dredged to a depth of B feet, forming a protected anchorage area of
about 62 acres, Iocal interests also requested e rubble stone break-
water 3,000 feet long and south of the maln channel. A T2-acre
anchorage 8 feet deep would be provided shoreward of this breakwater.
Local interests also requested a breakwater 3,000 feet long extending
due east from the tip of the sand spit known as Long Beach. Studies
of the locally-proposed improvements were made. It was found that,
while the protected anchorage requested would be furnished, the costs
would be excessive and incapable of economic justificetion. There-
fore, an alternate plsn of improvement was studled. This plan would
provide essentially the same protection as the requested improvement,
gt considerably less cost of construction.

h. Recommended Improvement. To provide protected anchorage for
the existing and prospective fleets in Plymouth Harbor, the alternate
plan is recommended. The alternate plan consists of a core-filled
stone breakwater extending 1,400 feet easterly from a point north of




the Town Wharf, then extending southeasterly for 2,100 feet and an
anchorage basin 60 acres in area, immediately south of the breakwater.
Bstimated firat costs, annual costs and annual benefits ars based on
July 1961 price levels, & 50~year project life, a 2-5/8 percent ine
terest raete on Federal funds, and a 3-1/2 percent interest rate on
non~-Federal funds, '

#. ‘Batimated First Cost of Construchion

Faderal $1,200,000
Non-Faderal , ' 3002009
Total Bstimated Cost of Construction $1,500,000

b. Bstimsted Annual Charges Federel Non-Federal Total

Interest and Amortization $43,800 $12,800  § 56,600
Additional Maintsnance 10,120 10,120

Total Bstimated Annual ‘ )
Charges $53,920 $12,800  § 66,720

¢, BEstimated Annual Benefits General Local Total

Commercial Fishing $68,800 $68,800
Recraationsl 20,500 20,560  L1,000
Storm Dé.mage ' ‘
Fishing Boats 6,000 6,000
Recreational Boats 3,000 3,000 6,000

Total Bstimated Annual ‘ .
Benefits $96,300 $23,500 $121,800

do Benafit-cost Ratio: L8

5. Apportionment of Costs and Tocal Cooperation. In view of the
local benefits to be derived, local interests should be required to
contribute in cash 20 percent of the first cost of construction, pres-
ently estimated at $300,000 (July 1961l). In addition to this require-
ment, local interesbs should be required tos

a. Provide, without cosb to the United States, ail lands,
eagements, and rights«of-way, necessary for construction and maine
tenance of the project.

SRe2
R 8/61



" b, Hold and save the United States free from any demages
that may result from construction end meintenance of the project, and

" ¢. Agree to furnish spoil disposal areas, upon request of
the Chief of Englneers, 1f it ls determined after detailed studies
that such areass are necessary, and, without cost to the United States
furnish any such areas required, including such dikes, bulkheads, and -
embenkments as may be necessary for the initisl construction and sub-
sequent maintenance of the project. i

6. Discussion. Iocal interests have approved the recommended
rlen and have indicated that the requirements of local cooperation
would be met. The recommended measures of improvement would provide
a logical and economically feasible means of meeting current and ‘
prospective needs of navigation in the harbor. Analysis on the basis
of an economic life of 100 years would incredse the. benefit-cost
ratio from 1.8 to 2.3. The project is considered justified on the
bagis of the studies and criteria in the report. Propozed local
cooperation is consistent with other similar projects.
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